Canine taeniids are among the major tapeworms with remarkable medical and economic significance. Reliable diagnosis and differentiation of dog taeniids using simple and sensitive tools are of paramount importance for establishing an efficient surveillance system. Microsatellites as abundant unique tandem repeats of short DNA motifs are useful genetic markers for molecular epidemiological studies. The purpose of the present study was to find a primer pair for rapid differentiation of major tapeworms of dogs, Taenia hydatigena, T. multiceps, T. ovis and Echinococcus granulosus, by screening existing nucleotide data. All the mitochondrial genome records as well as non-coding ITS1 sequences of Taeniidae species were downloaded from Nucleotide database from NCBI. For prediction and analysis of potential loci of STR/SSR in ITS1 as well as mitochondrial regions, we used ChloroMitoSSRDB 2.0 and GMATo v1.2. software. Different tapeworm species were categorized according to different motif sequences and type and size of each microsatellite locus. Three primer sets were designed and tested for differentiating taeniid species and evaluated in a conventional PCR system. Four taeniid species were successfully differentiated using a primer pair in a simple conventional PCR system. We predicted 2-19 and 1-4 microsatellite loci in ITS1 and mitochondrial genome, respectively. In ITS1, 41 Di and 21 Tri motifs were found in the taeniids while the majority of the motifs in the mitochondrial genome were Tetra (89) and Tri (70). It is documented that the number and diversity of microsatellite loci is higher in nuclear ITS1 region than mostly coding mitochondrial genome.
INTRODUCTION
The cestodes of the family Taeniidae contain different species of Taenia and Echinococcus that are known to be transmitted between mammalian intermediate and definitive hosts. The most frequent Taeniidae tapeworms of ruminants include Taenia hydatigena, T. multiceps, T. ovis and Echinococcus granulosus sensu lato. All four species are perpetuated in a canine-ovine life cycle that involves dog as the main definitive host and sheep as the main intermediate host.
Cystic Echinococcosis (CE) as well as other canine taeniid infections are globally important zoonoses of human and animals and major medical, veterinary and economic losses are attributable to these taeniid infections [1] [2] [3] . Dogs have been found frequently infected with these tapeworm species. For E. granulosus, the prevalence ranges from 3.6% to 25.9% in Asia, Europe and Africa using molecular tools 4 . It has been shown that T. hydatigena is one of the most prevalent Taenia species in dogs and sheep in Iran, reported in 28.5-53.0% of dogs, 9.1% of foxes, 10% of jackals and 12.8% of sheep in different parts of the country [5] [6] [7] . Taenia multiceps, causing ovine cenuriasis, has been reported in 2.3 to 4.5% of sheep in Kenya 8 . In Iran, 3-40% of dogs have been found infected by the adult T. multiceps 9 . Previous studies on helminth parasites of dogs showed 7.2% and 24% were infected with T. ovis in the Western and Central regions of Iran, respectively 6 25, 26 . Internal transcribed spacers (ITS) and mitochondrial genes have been widely used in taxonomy and molecular phylogeny because it is easy to amplify even from small quantities and demonstrate a high degree of variation even between closely related species.
Simple and reliable identification of microsatellites in taeniid species of dogs could provide valuable information on the dynamics of transmission in endemic areas. The purpose of the present study was to identify microsatellite loci in mitochondrial as well as rDNA regions and to develop a simple reliable method for rapid differentiation of three Taenia species as well as E. granulosus sensu stricto in a single PCR system.
MATERIALS AND METHODS
Twenty isolates of each of three Taenia species, T. hydatigena, T. multiceps and T. ovis and 5 isolates of E. granulosus sensu stricto were collected from sheep during routine veterinary inspection from Tehran, Alborz and Kerman provinces. The parasites have already been sequenced and genetically characterized at the mitochondrial cytochrome C oxidase subunit 1 (CO1) 2, 27, 28 . Sequence data were deposited in GenBank with the following accession numbers: T. hydatigena (JQ710588), T. multiceps (JQ710577) and T. ovis (JX134111) and E. granulosus sensu stricto (KF443137).
We found few genomic nucleotide records of taeniidae species in NCBI database. To predict any potential microsatellite regions in coding and non-coding regions, the complete mitochondrial sequence records of the four taeniids from NCBI Refseq were downloaded and analyzed by ChloroMitoSSRDB 2.0 29 , a microsatellitespecific software for organelle genomes. The screening was conducted on the basis of the following parameters: genome category (mitochondrial), repeat type (perfect/imperfect), and repeat size (mono to hexa).
On the other hand, the longest submitted sequences for rDNA as a universal genomic marker for species identification were collected according to the NCBI Nucleotides database. To predict potential microsatellite regions, we used GMATo v1.2 30 , as a novel software for faster and accurate microsatellite mining at any length.
We have designed three primer sets (position 1-223, position 500-700 and position 700-1008) by Primer3 program (http://bioinfo.ut.ee/primer3-0.4.0/primer3/) based on the alignments of conserved flanking regions of tandem repeat sequences of rDNA for discrimination of taeniid species (Table 1) . No rDNA sequence data were available for T. ovis.
According to the primer pair and the amplified fragment, PCR conditions were optimized as shown in Table 1 and the resulting products were analyzed by 2% agarose gel electrophoresis and visualized by using a UV transilluminator. PCR products of four representative samples were sequenced. The sequence data were aligned and edited using the BioEdit software 31 . All data were deposited in GenBank under the accession numbers KU639648 to KU639651. Regarding the high frequency of E. granulosus-T. hydatigena co-infection in dogs, a mixed sample containing T. hydatigena and E. granulosus sensu stricto was examined by PCR amplification.
RESULTS
Among the designed primer sets, the primer set1 (MF-1 and MR-233) provided the most discriminatory results in terms of the quality of amplification and banding profiles. The band sizes ranged from 210 to 312 bp (Figure 1 ). Each taeniid species displayed a different band size that can be easily differentiated from other species. PCR amplification of mixed E. granulosus and T. hydatigena samples provided a mixed banding pattern ( Figure 1 , Lane E).
Motif types and repeat numbers were comparatively analyzed within the amplified fragment (data not shown). Different microsatellites found in ITS1 and whole mitochondrial regions are summarized in Table 2 . The number of microsatellites varied from 2-19 and 1-4 in ITS1 and mitochondrial genome of taeniid species respectively. The highest number of perfect microsatellite motifs in ITS1 regions belonged to T. hydatigena and T. multiceps. Respectively, 71 and 11 perfect microsatellite loci in ITS1 and mitochondrial regions were found in the taeniid species. Among different types of tandem repeats, hexa motifs were significantly absent in ITS1 region while 41 Di and 21 Tri motifs were found in the taeniids. The majority of the motifs in the mitochondrial genome were Tetra (89) and Tri (70).
DISCUSSION
Molecular techniques provide us with very sensitive tools for differentiation of dog taeniids. Finding a primer site on the genome of major taeniid species co-existed in canids allows identification of genetic links between different isolates and the evaluation of parasite control by identifying the source of infection and the extension routes of the parasite across a specific region. Among several types of markers, common tandem repeat fragments within ITS1-rDNA region is considered especially useful for fingerprinting and transmission tracking due to the highly variant nature of the fragments 32 . Microsatellites within ITS1-rDNA are easy to amplify even from small specimen quantities and has a high degree of variation even between closely related species. This presents an additional advantage for using this primer set in field epidemiological studies of taeniids.
This study presents a conventional PCR primer set for differentiating different species of taeniids in dogs with a relatively rich content of variable microsatellites for fingerprinting and tracking transmission. The selected primer sets were proved to have more discriminatory power for the differentiation of the common taeniid species of dogs. The PCR profile for each individual taeniid was species-specific and a well-defined pattern was observed in the PCR amplification of mixed E. granulosus-T. hydatigena DNA templates. Our knowledge on the frequency and distribution of microsatellites in Taeniidae species is limited. In the screening phase of the study we tried to find potential loci of STR/SSR in ITS1 as well as mitochondrial regions via computational prediction. Findings of the present study revealed 71 and 11 microsatellite loci in ITS1 and mitochondrial regions, respectively. As shown in Table 2 , maximum number of microsatellites in ITS1 region was found in T. hydatigena and T. multiceps followed probably because of the highest prevalence and intensity of T. hydatigena transmission among the four taeniid species in this study [5] [6] [7] . This study shows rich microsatellite content in the parasite ITS1 region compared to other taeniid species. In the present study, a higher number of perfect microsatellite motifs was found in ITS1 than in the mitochondrial region. This is in agreement with the fact that the coding regions have less frequent microsatellites than the non-coding ones 22 . In addition, ITS1 dinucleotide motifs were the most abundant in taeniids as previously shown in other species 35 . Microsatellites are popular genetic markers and very useful tools for molecular epidemiological studies. In addition, microsatellite markers have been successfully used for fingerprinting and tracking transmission of echinococcosis 24 . In the first, tandem repeats detected in 223 bp amplified fragment of T. hydatigena (position 50), the number of repetitions was significantly variable (5-7 repeats) among different isolates from China (FJ886758-FJ886761) 36 . Insertions/deletions could potentially change the motif types and repeats within a microsatellite fragment. Five repeats of GCT in three Chinese isolates of T. hydatigena has been replaced by 4 repeats of TGC in one isolate from the same area. Comparing 5 isolates of E. granulosus from Poland, Iran and India revealed that a tetra motif, TGGT is present in the Indian and Iranian isolates while the motif is notably absent in the Polish isolates (AY969043, DQ011674, KJ363926, AJ245928, AJ245930). These phenomena could potentially enable us to precisely identify possible genetic links between different isolates of the same tapeworm species in a defined geographical region.
We found high AT content in mitochondrial microsatellites compared to nuclear regions. Similar findings have been published for mitochondrial microsatellites in parasites as well as free-living nematodes. Accordingly, in ITS1 region, a higher GT content was found in the study in agreement with Pajuelo et al. 35 . This study described microsatellite markers in major taeniid species of medical and veterinary importance. Very little information has been available on this issue and this study presents the frequency and distribution of potential microsatellite markers in common Taeniidae of dogs. The primers designed based on ITS1 microsatellites were proved to be a potential tool for tracking transmission and epidemiological studies on taeniid infections particularly cystic echinococcosis. Several epidemiological studies are required for evaluating the reliability and sensitivity of the tool in field conditions.
